Arrhenius reaction model is used to simulate the various regimes of detonation phenomena without the complexity and large computing time for dealing with many reaction steps and detailed properties of reacting species. The fluid dynamics equations are discretized by finite volume formulation, and numerical fluxes are calculated by Roe's approximate Riemann solver with interpolated primitives variables by third-order accurate MUSCL-type TVD scheme. The discretized equations were integrated in time by 4th order accurate 4-stage Runge-Kutta scheme (RK4). Since the details about the theoretical formulation and numerical algorithms for the compressible reactive flows has been discussed thoroughly in the previous studies, [12, 13] those will not be discussed further.
Thermo-chemical parameter
Among the various thermo-fluidic parameters for the modeling of ODW, heat release and specific heat ratio is determined by the mixture composition and there is no clue of evidence that they have direct influence on the existence of cell structures. The activation energy is shown to have a strong influence of the degree of instability, but only a single-sided structures were found from the parametric studies of the activation energies. [10] Therefore the only variables that can affect the ODW structures is the flow turning angles regarding from the basic analysis on the morphology of ODW, [1] and only the flow turning angle was considered from parametric studies for the onset condition of ODW cell structures with all other variables were fixed. The selected thermo-fluidic parameters are dimensionless heat release, Q of 10.0, specific heat ration γ of 1.3 and dimensionless activation energy E of 30.0 from the previous study. [10] . These flow parameters were selected to weaken the restriction of grid resolution requirements from the chemical induction length scale analyses. The effects of grid resolution have been studied by using grids from 255×100 to 4,005×1,600. The calculation of half reaction length scale behind ZND structure exhibit that the 10 grid points could be included in the half reaction length behind the ODW and more than 80 point behind the oblique shock wave. The comprehensive study on the grid resolutions for the reaction zone is found in the previous study. [10] Fig. 1 is polar diagram for ODW and OSW with parameters of present study. At C-J point θ is 12.3 o and β is 34.5 o . At maximum θ condition of attached ODW, θ is 38.2 o and β is 67.1 o . In the previous study for flow turning angle greater than θ max [7] , it has been shown that the detached detonation is observed for a wedge of infinite length, but periodic oscillation of the primary triple point could be observed over a wedge of finite length due to the repeated thermal occlusion and relaxation. Therefore it is expected that a dual-headed ODW structures of triple points running opposite directions could be existed where the flow is near choked condition since the transverse waves behind the triple points has a propagation speed close to the speed of sound. The reason why the previous study exhibited only the single headed structures is that flow turning angle of 30 o is has flow speed quite greater than the speed of sound behind the ODW. Therefore flow turning angles from 35 o to 38 o were considered for parametric study. 
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